Nontoxic silver nanocluster-induced folding, fibrillation, and aggregation of blood plasma proteins.
In recent years, concerns have been raised considering the potential risks of nanocluster (NC) for the environment and human health. Since the blood circulation system is probably the first entry route of NC into the human body, adsorption of blood proteins on NC may change cellular responses, including cellular uptake efficiency, bio distribution patterns, and nanotoxicity profiles, besides other biological effects. Therefore, the interaction of NCs with proteins and the cellular implications can be therapeutically of great importance. Adsorption of human blood proteins on NCs has been methodically investigated. In the present study, the first analysis of fibrillation was conducted between MBI-AgNCs and human serum (a complex biofluid). AgNCs were prepared by coating with 2-mercaptobenzimidazole. Then, interactions with human blood proteins, such as immunoglobulin, albumin, and insulin were investigated using various experimental approaches. Upon protein association, the fluorescence of proteins significantly decreased, accompanied by a blue shift in the AgNCs-human serum albumin (HSA) system and a red shift in the AgNCs-insulin/γ-globulin. Concomitantly, circular dichroism spectroscopy and atomic force microscopy were employed to investigate the effects of protein binding to NCs. We found that AgNCs induced γ-globulin aggregation. HSA at the AgNC surface was partially unfolded and could promote protein self-assembly into amyloid fibrils, while the surface morphology remained unchanged after insulin incubation. The atomic force microscopy (AFM) data and the ThT and CR analysis of the proteins, as well as circular dichroism (CD) and fluorescence findings, support the use of AgNCs as an indicator for monitoring the progress of HSA fibrillogenesis. Additionally, cytotoxicity assays were used to ensure the biocompatibility of nanoparticles within the applicable limits.